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LANDING GEAR LOADS RESULTING FROM 
TAXYING AN AIRPLANE OVER A PROJECTING RUNWAY LIGHT 


by 


Wilhelmina D. Kroll 


SUMMARY 


An analysis neglecting damping was made to determine the 
deflection of an airplane wheel when an airplane is taxied over 
a protruding runway light. Although the method would be useful 
for predicting the maximum load, the computation of the action 
of the masses following the run-over should include damping. 


1. INTRODUCTION 

In reference 1, the damping action of the oleo strut was 
taken into account by using data obtained from drop tests of the 
shock strut. Since it is not known if such data are applicable, 
it was decided to repeat the analyses for cases in which the 
oleo would remain partially compressed. The movement of the 
oleo is not smooth and this would approximate that part of its 
action which occurs for very short periods of time when, due to 
friction, the oleo neither extends nor closes. The two degree- 
of-freedom system representing the airplane then becomes, in 
effect, a one degree-of-freedom system. The loads on the tires 
as a result of the airplane taxying over two different shapes of 
runway lights under these conditions are presented. 


Acknowledgement is hereby made for data and company reports 
on shock struts, airplanes, and tires so kindly sent by the fol- 
lowing companies for the investigation of which this report is a 
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Bendix Products Division, Bendix Aviation Corporation 
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Convair Division, General Dynamics Corporation 

The B. F. Goodrich Company 

California Division, Lockheed Aircraft Corporation 
The Martin Company 

North American Aviation, Inc. 

Northrop Aircraft, Incorporated 
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2. METHOD OF COMPUTATION 


The airplane, figure 1, is represented as a single mass my 
connected rigidly to a small additional mass m, representing 
the wheel. The tire is a simple spring whose constant ko is 
given by the load-deflection curve of the tire. W is the ver- 
tical force, other than the impact force, acting on the airplane 
(airplane weight minus lift). Wy , then, is the part of W 
attributed to one landing gear. 


For the airplane of figure 1(a) taxying down the runway and 


hitting an obstruction, such as a light projecting above the run- 
way surface, the differential equation of motion of the masses is 


(m,+m,)% +k, [x + h(t)]- wy = 0 (1) 
where 


X> is the vertical displacement of masses 
m; and m 
h is the height of the light 
%) is the acceleration of masses m, and m 


Other symbols are defined above. 


If, as in the case of the B-47, the landing gear has dual 
wheels, equation (1) is modified to 


(m,+m,)%, + 2k, [x5 + h(t)] - Wy = 0. (1a) 


Equation (la) would hold if both wheels ran over the light and 
were equally compressed. If only one wheel rolled over the light, 
equation (1) could be modified to: 


(m,#m,)%, + k, [ xp +h(t)] + koX, - W, = 0. (1b) 


At the time t = 0 when the airplane wheel would be at 
the edge of the light and before it had started to run over it, 
the deflection of the masses was taken as 


X> = Wy = (2) 
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With this initial value of displacement, the motion of the air- 
plane was computed from equation (1) after replacing the second 
derivative by the following difference equation given in Appen- 
dix B of reference 2 


oe 


1 
e. = Tape [ext > StecAp t 4X pecar > xe-ant | (3) 


and defining h(t) by a particular shape of light. 


In order to study what effect two proposed trapezoidal- 
shaped lights would have on the undamped response of an airplane 
taxying over them, the Elfaca and Westinghouse lights, figure 2, 
were chosen. The Elfaca is a long (149 inches) light with a 
rise in the center of one-half inch. See reference 3. The 
Westinghouse light, on the other hand, is 12-1/16 inches long with 
a center part 1-1/4 inches high. The load-deflection curves for 
the nose wheel tire of the F-86H airplane and for the main wheel 
tires of the B-47 airplane are given by figures 3 and 4, respec- 
tively. 


3. RESULTS AND DISCUSSION 


The time histories of the deflection of its nose wheel as 
the F-86H airplane is taxied at 110 mph over the Elfaca and 
Westinghouse lights are shown in figures 5 and 6, respectively. 
fe will be neked that, for the Elfiaca light, figure 5, the peak 
load (maximum deflection) occurs after the wheel has run over 
the light. The decay in the magnitude of the load is slow. 
While the peak load for the higher Westinghouse light, figure 6, 
is much greater than that for the Elfaca light, the magnitude of 
the loads occurring after the first peak is considerably less. 


The time-history of the deflection of the main gear of the 
B-47, as computed by equation (la), is given in figure 7. As in 
the case of the nose gear, the deflection of the tire after the 
first peak is nearly as great as the maximum deflection. 


It should be remembered, however, that these peaks, the first 
one of which is due to taxying over a light, will no doubt be 
considerably reduced in magnitude by the damping action of the 
oleo. The first peak is relatively unaffected by the damping as 
can be seen from the comparison of the loads on the F-86H nose 
gear with damping considered, reference 1, and no damping. The 
loads corresponding to the maximum deflections are given in table 2. 
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A first approximation to the deflection of the tire to be 
expected by running over an obstruction would be to add the 
deflection under static load to the maximum height of the ob- 
struction. While this gives a value of tire deflection that is 
too high, it would indicate whether bottoming of the tire might 
be a problem. 


4, CONCLUSIONS 


The analysis made in the paper would be indicative of the 
loads on an airplane landing gear if there was no relative 
motion in the oleo strut. This is a condition that would occur 
many times during the taxying of the airplane but only for very 
short periods of time. Although this analysis might give a 
fairly accurate value of the maximum load to be expected if an 
airplane were taxied over a protruding runway light, it does not 
give a true picture of the response of either the airplane mass 
or of the tire. Damping in the oleo strut should be considered. 


For the Director, 


B. L. Wilson, Chief, 


Engineering Mechanics Section, 
Division of Mechanics. 


Washington, D. C. 
November 1957 
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Table 1. Data for F-86H and B-47 airplanes 


F-86H Airplane -- Nose Wheel 


Weight attributed to nose wheel, W, = 1811 1b 
At time t = O and for weight supported by nose wheel, 


Xo = 0.665. ia. 


Velocity, 110 mph or 1936 in./sec. 


B-47 Airplane -- Rear Main Gear 


Weight attributed to rear main wheei, Wy, = 108,200 Ib 
At time t =O and for weight supported by rear main wheel 


Xo = 410 in. 


Velocity, 110 mph or 1936 in./sec. 


an 


P sein Re ot cau fy gamle ote ae To ie aa a ff 
Sasa! saok ~- era laws aaeed 
t 4 y P wi ah Mee Ky Ue Tet i 
: ; 0) ; t er 
T ° F a i eae ae Pe oF 
PD ene ee eo Te es, coe ee a An, ) ‘ams th 
a Mee a 1 Sh |p hE fi BA) Oe b Pe 
J ; ee) | vig tae re! ' 7 pal: 
PF n't, ees th. oes oe aoe tee ay RS Neath 
ASSO SHEN VG De Teagae 
Wy are » ale a iL 
? ) 
¥ i “ >, *%, 
f 4 Ry ee 
y Hut eR 
Ae fy 
f ui ay 
i oe 
© i - ieee : Het 
Q ‘ aes. MEM, F f ee er 
+e a) Aad ia i m™ att ed ty 4 A f ] ‘ met ¢ 
q f 1 
' i Al ‘. et | y . 
i, £78) . Ky a ae 
Rey Gi jAS ri ; bee rep TY 
t “ ‘ 
ow aia Yee rd boitoeene Goo 4 <a 
, Sena LA | Oe 5 Aid th ae | Sa aru" 1 a : oat. 
M ; ! ‘ 7h) a 
‘ i 
ay, 4 i tai! 
} 1h Of 4 ow 
> 
bh +14 aD yi) ~ a eas 
Ot: Lg i i re ot 
1 ‘ N H 


~- 


NBS Lab. No. 6.4/295, PR-2 


Table 2. Maximum loads on landing gears 
from taxying over a runway light 


Landing gear Light Max. deflection Max. load, 
in. lb. 
F-86H nose Elfaca £07 & 3580 
F-86H nose Westinghouse ee 7370 
B-47 rear main Elfaca 4.587 62, 000 
a 


a 
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(b) With two wheels attached to each oleo strut 


: 8 
Fig./ Representations of airplane 
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(a) Model C Elfaca Light 


(b) Westinghouse Light 


Fig.2 Funway light shapes used in analysis 
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Tire load in 10,000 pounds 


Fig.3 Load-deflection curve for tire of B-47 rear main gear. 
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Tire load in 1000 pounds 
Load-deflection curve for tire of F-86H nose wheel. 
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